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0 PIEZOELECTRIC MATERIAL 

^Abstract: 

[OBLEM TO BE SOLVED: To obtain a piezoelectric material having large electric field induced strain in an 
ctric field having large electrostriction amplitude. 

ILUTION: A noble metallic element other than Ag, e.g. Ru, Rh, Pd, Os, Ir, Pt or Au or an alloy of the noble 
stallic element and Ag is added to PZT (lead zirconate titanate) ceramics by >0.35 pt.wt. base on 100 pts.vol. of 
a PZT ceramics to obtain the objective piezoelectric material. Since noble metal particles are dispersed in PZT, 
ictric field induced electrostriction can be increased. 
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UMS .... 

SmllPiezoelectric material characterized by adding 0.35 or more parts by volume of alloys of the ?pWwne^s 
!St (Ru, Rh, Pd, Os, Ir, Pt, Au) except Ag or this noble-metals element, and Ag to this PZT ceramics 100 part by 
lme to the PZT (titanic-acid lead zirconate) ceramics. 

mslation done.] 
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IAILED DESCRIPTION 



tailed Description of the Invention] 

Id of the Invention] This invention relates to a PZT ceramics ingredient at the piezoelectric material with which 
ributed addition of noble metals or its alloy was carried out. 

321 _ • 

scription of the Prior Art] although the PZT ingredient which added Ag to JP,3-223149,A is indicated as a 
'oelectric material which added noble metals into the PZT ceramics ingredient conventionally Ag -- the low 
tine point (961 degrees C) -- and since it is easy to oxidize, it dissolves in a PZT ingredient, or becomes an oxide, 
the improvement device in the distortion engine performance by noble-metals particle distribution of piezoelectric 
erial cannot be discovered. Moreover, the PZT ingredient which carried out addition of the palladium metal powder 
itanic-acid lead zirconate 0.02 to 0.4% of the weight (0.4 % of the weight is equivalent to about 0.27 capacity %) is 
icated by JP 7-232962 A. However, there are [ to discover the improvement device in the distortion engine 
formance by metal-particles distribution of piezoelectric material ] too few volume rates of the noble-metals particle 
he inside of a PZT ingredient in this case. 
031 

Dblem(s) to be Solved by the Invention] This invention was made in view of the above-mentioned situation, and aims 
-ffering piezoelectric material with the big amount of electric-field induction distortion under large amplitude electric 
d. 

=a^s for Solving the Problem] this invention person etc. repeats research wholeheartedly about the amount of 
-trie-field induction distortion of a PZT ceramics ingredient, and completes this invention. Piezoelectric material ot 
•invention is characterized by adding 0.35 or more parts by volume of alloys of the noble-metals element (Ru, Rh, 
Os, Ir, Pt, Au) except Ag or this noble-metals element, and Ag to this PZT ceramics 100 part by volume to the PZT 
anic-acid lead zirconate) ceramics. . . x-aoc* 

05] As for the addition of this noble-metals element or an alloy with Ag, it is desirable that it is the range ot 0.35 to 
parts by volume to PZT ceramics 100 part by volume. There are too few volume rates of a noble-metals particle that 
addition of a noble-metals element or an alloy is less than 0.35 parts by volume to the PTZ ceramic 1 00 part-by- 
ume section and since the improvement device in the distortion engine performance by noble-metals particle 
tribution is not discovered, it is not desirable. If an addition exceeds ten parts by volume, since the distance between 
>le-metals particles becomes near too much and discharge and dielectric breakdown may be caused on the other hand 
he time of electric-field impression, as for an addition, it is desirable that they are ten or less parts by volume. 

nbodiment of the Invention] The piezoelectric material of this invention adds 0.35 or more parts by volume of alloys 
the noble-metals element except Ag or this noble-metals element, and Ag to PZT ceramics 100 part by volume into a 
T ceramics ingredient, and is constituted. If a noble-metals particle carries out homogeneity distribution in the grain 
jndary of a PZT ceramics particle, in order that all grain boundaries may discover a distortion performance option, 
• improvement effectiveness in the distortion engine performance is large. The direction with as many [ several or 
,re times ] noble-metals particle numbers as particle number [ PZT ceramics ] is desirable at the point. In order to 
fill this condition, as for noble-metals particle diameter, it is desirable that it is 1/10 or less [ of PZT particle 

>071 The improvement effectiveness in the distortion engine performance according that an addition noble-metals 
rticle is less than 0.35 parts by volume to PZT ceramics 100 part by volume to distribution of a noble-metals particle 
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ot small desirable. It is [ on the other hand, if noble-metals particle weight exceeds ten parts by volume, although it 
I be based also on the path of a noble-metals particle flow pass is made, and / possibility of dielectric-breakdown 
erating ] and is not desirable. Therefore, as for noble-metals particle weight, it is desirable that it is below 10 
acity %. As a noble-metals particle to add, the melting point is higher than the usual burning temperature (1000 
Tees C or more) of a PZT ceramics ingredient, and Pt, Au, Ir, Pd, Rh(s), Ru and Os(es) excellent in oxidation 
stance, these alloys, etc. are mentioned. Rather than the burning temperature of a PZT ceramics ingredient, Ag is not 
•lied by this invention, the low melting point and in order to be easy to oxidize and not to remain substantially as a 
»le-metals particle after baking. However, Ag alloys, such as an Ag-Pd alloy which raised thermal resistance by 
tying, can be used as a particulate material. 

08] Especially the distributed approach of a noble-metals particle is not limited. PZT ceramics ingredient powder and 
;xotic powdered metal may be mixed with dry type or wet. Moreover, PZT ceramics ingredient powder and the 
jtion (for example, platinum P salt nitric-acid solution) containing noble-metals ion may be mixed, and you may dry. 
; particle size of a noble-metals particle and especially a distributed gestalt are not limited. However, when noble- 
tals particle diameter is comparable as PZT ceramics ingredient particle size, the grain boundary where a noble- 
tals particle does not exist increases from the problem of the upper limit of variance, and the improvement 
jctiveness in the amount of distortion becomes small. Therefore, as for noble-metals particle diameter, it is desirable 
t it is 1/10 or less [ of PZT ingredient particle size ]. 

09] Since a noble-metals particle is not ground depending on mixing with PZT ceramics, it is desirable to prepare 
0 or less noble-metals particle of PZT ceramics sintered compact particle size beforehand. Or if it mixes [ PZT 
amies powder and ], it dries and the solution containing noble-metals ion is cracked, the PZT powder which 
.ported the noble-metals particle detailed enough will be obtained. 
10] 

:ample] Hereafter, an example explains concretely. 

:ample) Specified quantity [ every ] weighing capacity of PbO of a high grade, La 203, Zr02, Ti02 and Nb 205, and 
MgO powder was carried out so that it might become the empirical formula of [(Pb0.07La0.03) (Mgl/3Nb 2/3) 
6Zr0.47Ti0.44Nb0.03] 03, and it dried enough and mixed. Temporary quenching of this mixed powder was carried 
using the MgO spread on 700-900 degrees C and the conditions of 1 - 10 hours. Wet grinding of the temporary- 
:nching powder was carried out with the ball mill (inside of Zr02 ball and ethanol) for 8 to 72 hours. The slurry was 
»d and cracked and PZT ceramics ingredient powder was obtained. Wet blending of the water solution containing the 
)tic powdered metal or noble-metals ion of the specified quantity was added and carried out to this PZT ceramics 
redient powder. The slurry was dried and cracked and 0.1 parts by volume and the PZT ceramics ingredient powder 
which 0.5 part-by- volume % addition was done 0.4 part by volume 0.35 part by volume 0.3 part by volume 0.2 part 
volume were obtained for noble metals (Pt, Pd, Ag) to the PZT ceramics 1 00 above-mentioned part by volume. In 
lition, the noble-metals addition (addition volume) was calculated from the consistency of PZT and the consistency 
loble metals which were made to sinter without adding noble metals. 

H 1] After preforming the obtained sample powder with a 1 shaft press (399MPa), CIP shaping was carried out by the 
ssure of 294MPa, and the pellet of the shape of a disk type with a diameter [ of about 15mm ] and a thickness of 
>ut 2mm was produced. The pellet was calcinated among atmospheric air using the spread made from an alumina on 
)0-1300 degrees C and the conditions of 2 - 4 hours. Baking was performed where a pellet is embedded at the pad 
terial of the same presentation. After grinding both sides of a fired pellet, Au electrode was given to both sides by ion 
iter. Then, polarization processing (l-5kV [/mm ] electric field are impressed for 5 to 60 minutes) of the sample was 
Tied out in 80-150-degree C insulating oil, and it considered as the sample for measurement. The amount of electric- 
Id induction distortion of a test sample was measured using the minute displacement measurement equipment of here 
/elopment. It is [ equipment / this ] measurable with a sufficient precision under high voltage shrinkage stress in the 
ount of distortion of the thickness direction of a pellet (1 micrometer or less). The Measuring condition was set to 
npressive-stress 20MPa among ordinary temperature and atmospheric air, and the amount of electric-field induction 
tortion at the time of impressing -0.4-+1 .2kV [/mm ] electric field was evaluated. 

)12] The X diffraction pattern (2theta=20 degree-70 degree) of the polished surface of the sample which added noble- 
•tals additive-free and 0.4 part by volume of Pt(s) with 0.2 parts by volume to PZT ceramics 100 part by volume is 
jwn in drawing 1 • (Pt addition is a rate to PZT ceramics 100 part by volume among drawing 1 .) In what showed 
iwine 1 and added Pt like, Pt (1 1 1) and a peak (200) were observed and peak intensity became large in proportion to 
: amount of permutations. That is, it was checked that Pt does not dissolve to PZT ceramics but exists in the state of a 
'tal 

)13] The amount of electric-field induction distortion to Pt, Pd, and Ag addition is shown in drawing 2 . (Fund ZP 
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***** in drawings is a rate to PZT ceramics 1 00 part by volume.) 

- drawing 2 by Pt addition system and Pd addition system, the amount of distortion fell a little and showed the 
avior of increasing after that, in the field of 0.3 or less parts by volume with few additions. When an addition 
Dmes 0 35 or more parts by volume, it turns out that the improvement effectiveness in the distortion engine 
brmance becomes large, and the amount of distortion more than non-added elegance is obtained. To it, by addition 
sss than 0 35 parts by volume, the improvement effectiveness in the distortion engine performance is small, and it 
is out that the amount of distortion is below non-added elegance. Moreover, in Ag addition article, even if an 
ition becomes 0.35 or more parts by volume, there is no improvement effectiveness in the distortion engine^ 
formance and it turns out that the amount of distortion is below non-added elegance. 

141 In addition when arguing about the improvement in a property by particle distribution, the number of mols or 
weight but the occupied volume of a particulate material are important. Therefore, since the specific gravity of about 
to 8 0 Pd of the specific gravity of PZT ceramics is about 12, 0.4% of the weight of the conventional example is 0.25 
i 27 capacity %, 0.5 % of the weight is 0.3 1 to 0.33 capacity %, and it is outside a generic claim in this case. 
151 The improvement in the distortion engine performance by Pt addition of this invention is the result of existing in 
grain boundary instead of dissolution into the PZT ingredient of a noble-metals element as a noble-metals particle so 
clearly also from the X diffraction pattern of drawing ! . With the point, it is hard to oxidize with PZT ceramics 
nine temperature, and also Ag alloy whose thermal resistance improved with the noble-metals element or those 
.ys or a noble-metals element exists as a metal similarly in a PZT ingredient, and it is thought that the effectiveness 
he improvement in the distortion engine performance of a piezo electric crystal is discovered. 

feet of the Invention] A PZT ceramics ingredient will generate distortion by the inverse piezolectric effect and 
nain revolution, if electric field are impressed, but since each particle is usually carrying out random orientation, the 
ortion generating direction changes with particles at the time of electric-field impression. Therefore, deformation of 
h particle is restrained by the surrounding particle and the amount of distortion of ingredient essence is not obtained, 
ae grain boundary of a PZT ceramics ingredient is made to distribute a noble-metals particle, a noble-metals particle 
I deform plastically at the time of deformation of each particle, and it will be thought that a part of constraint from a 
imeter particle is eased. By this restricted relaxation, the amount of distortion of each particle becomes large and it is 
ught that the amount of distortion as the whole sample also improves. Consequently, the amount of electnc-field 
uction distortion under large amplitude electric field can be enlarged. 

anslation done.] 
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